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Measuring Equipment for Use in Connection 
Scope of the Invention 

The present invention concerns a measuring instrument, preferably for use in connec- 
5 tion with hip prosthesis surgery. 

Background of the Invention 

Through the last 35-40 years bone cement has been used for anchoring prosthesis 
components when inserting artificial hip joints. Good results have been achieved with 
10 this technique, but after long time observation of large groups of patients, problems 
have been detected with loosening of the inserted prosthesis component. Furthermore, 
a considerable bone loss has occurred around the prosthesis component so that a re- 
placement surgery is made difficult. 

15 Through the years, alternative techniques in the shape of uncemented sockets, where 
the socket is anchored in acetabulum, have been developed. Different anchoring meth- 
ods have been developed, and the method appearing to provide good results on short 
as well as long view is the use of metal sockets, preferably made of materials as e.g. 
titanium or vitalium. These metal sockets are typically hemispherical with a porous 

20 surface. 

t 

The surface of the metal socket is applied a so-called porous coating implying that the 
surface is rough and provides possibility of ingrowth of bone cells into the surface of 
the metal socket. The surface coating of a metal socket typically has a pore size of 50- 
25 250 Jim and may either consist of small metal balls or metal fibres that are compressed 
or sprayed on. A supplementing hydroxapatite coating promotes the bone ingrowth 
process. 

When inserting an uncemented porously coated metal socket, a hole fitting the metal 
30 socket to be inserted is mill ed in acetabulum. E.g. if acetabulum is milled up to 60 
mm, a 60 mm metal socket is inserted. Then the metal socket is anchored further with 
2-4 screws through holes in the metal socket. However, screw anchoring has appeared 
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to have unfavourable effects, as the polyethylene decomposition product can migrate 
through the screw holes and out into the bone, and here produce osteolysis or necrosis 
of the bone. 

5 In order to avoid the latter, in later years another anchoring method has been used, 
consisting in that a so-called "press-fif 9 technique has been used, where e.g. acetabu- 
lum is milled up to 60 mm in diameter, where subsequently is inserted e.g. a 62 mm or 
64 mm metal socket. A great tension is thereby achieved between bone and metal 
socket, whereby the metal socket is held in place without supplementing use of 
10 screws. In the course of the first weeks after the operation, the bone then grows from 
the pelvis into surface coating of the metal socket and ensures the so-called secondary 
anchoring. 

The described technique is, however, rather demanding and requires an experienced 
15 physician to perform the hip prosthesis surgery, as there is risk of problems if the 
metal socket has not been correctly inserted. If the metal socket is not securely 
clamped, there is risk that it may loosen in the course of the first days after the opera- 
tion. If the metal socket is too strongly clamped, there is great risk of fracture in the 
pelvis bone around the metal socket whereby it becomes unstable. 

20 

Therefore, it is important to insert the right size of metal socket. In order to determine 
which size of metal socket to be used, previously a template or a test prosthesis has 
been used and placed in acetabulum and which by a light pressure is fixed in acetabu- 
lum, after which is selected a metal socket in the same size or with 1-2 mm oversize. 

25 

However, it is not a good and objective method of measuring, and one may risk to 
use/insert more than one metal socket in order to let it fit optimally. A great disadvan- 
tage by this method is that a metal socket that has been in contact with a patient cannot 
be autoclaved and used for another patient. This metal socket is to be discarded, which 
30 also implies increased costs in connection with a hip prosthesis surgery. 

In patent publications FR 2 684 287 and US 5 141 512 there is described equipment 
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for measuring in connection with placing of a hip socket, but not decidedly measuring 
the size and the elasticity of acetabulum. 

Until now, no equipment has been developed with which the physician can measure 
5 the hip socket and thereby objectivise this part of the procedure of hip surgery. E.g. 
the risk of fracture in the hip socket depends on the elasticity in the bone and the size 
of the acetabulum. Furthermore, it also has great significance whether it is a first time 
operation or a replacement operation. 

10 Object of the invention 

It is the purpose of the present invention to indicate a measuring instrument which in a 
simple way can measure/register the size and the elasticity as well as the shape of 
acetabulum. This implies that hip prosthesis operations become safer, and the costs of 
these operations are reduced. 

15 

This is achieved according to the present invention with a measuring instrument of the 
kind mentioned in the introduction, which is peculiar in that the measuring instrument 
includes: 

an adapter including a measuring head and a connector, where the meas- 
20 uring head is provided with a largely hemispherical surface in which there 

is a central through-going bore, where the measuring head is divided into 
at least two separate sections, where the connector is hollow and slotted at 
one end in axial direction of the measuring head into a number of legs, 
the number of legs corresponding to the number of the at least two sepa- 
25 rate sections of the measuring head, where the legs of the connector are 

each connected to one of the at least two sections of the measuring head 
on the rear side of the hemisphere, where a securing arrangement is pro- 
vided at the opposite end of the connector relative to the connection to the 
measuring head; 

30 a measuring unit including a actuating rod, where a main part having 

preferably conical shape that can interact displaceably axially with the 
central bore of the adapter and thereby change the diameter of the meas- 



WO 2004/034904 PCT/DK2003/000714 

-17/8 A 
4 

uring head of the adapter, a mounting ring where means for engaging the 
securing arrangement of the adapter are provided, where the mounting 
ring is connected with a handle member, where in connection with the 
handle member there is provided means for axial displacement of the ac- 
tuation rod and registration of the relative displacement of the actuation 
rod relative to the measuring head; 

a depth gauge including a first part, which is preferably a smooth rod, and 
a second part with stop and measurement indications, where the depth 
gauge is provided for interacting with a through-going opening in the ax- 
ial direction of the measuring instrument. 

Description of the Invention 

A measuring instrument according to the invention will make it easy and simple to 
measure the diameter of an acetabulum by a hip operation. 

Before inserting a metal socket in acetabulum, the measuring instrument is used in 
that: 

an adapter with a measuring head with a desired diameter is coupled to 
the measuring unit by means of the coupling arrangement and the mount- 
ing ring, 

the measuring head of the adapter is inserted into the acetabulum so that 
the lower edge of the hemispherical measuring head fits with the circum- 
ferential rim of the acetabulum, 

by actuating the handle means for axial displacing the actuation rod, the 
actuation rod will perform an axial displacement towards the measuring 
head, 

by the axial displacement, the main part of the actuation rod will interact 
with the preferably conical opening inside the measuring head and 
thereby force the separate sections of the measuring head outwards, 
spreading of the separate sections of the measuring head cause the diame- 
ter of the hemispherical measuring head to expand, whereby the measur- 
ing head is clamped in the acetabulum, 
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at a certain pre-tensioning, the diameter of the measuring head is read, 
the depth gauge is used for measuring the possible distance from the sur- 
face of the measuring head and down into the bottom of the acetabulum, 
after measuring diameter and depth of the acetabulum, the handle means 
5 are actuated for axial displacement of the actuation rod so that the actua- 

tion rod performs an axial displacement in against the handle, and the 
measuring head may be removed from the acetabulum. 

In order to place the measuring head of the adapter in the acetabulum and being sure 
10 that the right diameter of the acetabulum is measured, the spherical surface of the 
adapter measuring head is provided with at least two different surfaces, a rough sur- 
face on the lower part of the spherical surface, and a smooth surface on top of the 
spherical surface. 

15 The rough surface provides for better engagement of the spherical surface of the 
grooved/milled bone tissue of the acetabulum. By using the measuring instrument, the 
measuring head is placed against the edge of the acetabulum, whereby the rough sur- 
face prevents displacing of the measuring head during expansion of the measuring 
head. The rough surface may be provided with different patterns which can be an arbi- 

20 trary number of strings, linear and /or crossing flutes and/or beads. 

Since only a few acetabuli have largely hemispherical shape, it is not necessary that 
the entire spherical surface of the measuring head has a rough surface. Therefore a part 
of the spherical surface of the measuring head is provided with a smooth surface, since 
25 a smooth surface will be easier to keep clean and thereby more hygienic. 

In a preferred embodiment of the invention, the adapter is connected with the measur- 
ing unit in that the securing arrangement of the adapter are recesses for a bayonet 
socket, and that the mounting ring of the measuring unit, where means for engaging 
30 the securing arrangement of the adapter are provided, are designed as pins for a bayo- 
net engagement. 
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By using a bayonet engagement it is possible to readily assemble the adapter with the 
measuring unit. Furthermore, a bayonet engagement is not a difficult assembly to 
manufacture, irrespectively whether the adapter is cast in one or the connector of the 
adapter is a pipe. 

5 

Alternative embodiments for the securing arrangement between the adapter and the 
measuring unit may e.g. be: 

a screw thread providing a very stable assembly, but having the drawback 

that it may be difficult to clean; 
10 - a snap lock performing a releasable engagement when the adapter is 

placed in the measuring unit, implying easy and quick replacement of an 

adapter, but having the drawback that they may be worn out and thereby 

cannot hold the adapter in the measuring unit. 

15 If the measuring instrument is made of a sufficiently cheap material, the adapter and 
the measuring unit may be made in one piece. This implies that for each hip operation, 
a series of measuring instruments with different diameter of the measuring head are to 
be used. Following use, the used measuring instruments are to be discarded or auto- 
claved. 

20 

For the measuring head of the adapter to expand while at the same time the adapter 
being easy and cheap to manufacture, the adapter is to be designed so that the adapter 
is made of a hard yet flexible material which e.g. may be one or more of the follow- 
ing: a metal alloy, a plastic material, e.g. a plastic composite, and/or ceramic material. 

25 

It will be an advantage to avoid joints in the adapter and, if the adapter is made of a 
metal alloy, that the adapter is made in one piece where the adapter either is cast with 
cutouts and recesses, or that they are made subsequently. Furthermore, the metal is 
also to have a certain temperature resistance as an adapter made in a metal alloy will 
30 . be an expensive equipment and is therefore to be autoclaved after use. 

In a preferred embodiment of the invention, the adapter is made of a hard yet flexible 



WO 2004/034904 PCT/DK2003/000714 

-14/8 7 

plastic composite, e.g. PDM or the like. By making the adapter of a plastic composite, 
the adapter may either be moulded in the same way as when making an adapter of a 
metal alloy, or it may be rotationally moulded, where the subsequent processing of 
making of slots and recesses may readily be performed afterwards. 

5 

In an alternative embodiment of the invention, the adapter may be made in a ceramic 
material where a health effect may be achieved, since metals or plastics are not to be 
introduced in an open operation region. When using ceramics, a suitable manufactur- 
ing method is to be found so that the measuring head of the adapter may expand. A 
10 suitable manufacturing method may, however, increase the cost of making adapters. 

However, it is important that all materials are heat resistant, so that irrespectively of 
the material the adapter and the measuring unit are made of, it is to be possible to 
autoclave the entire measuring instrument or parts of the measuring instrument. 

15 

In order that the measuring head of the adapter may expand by an axial movement, the 
preferably conical main part of actuation rod will interact with a face and/or edge of 
the central through-going bore inside the measuring head of the adapter. 

20 In neutral position of the actuation rod the at least two separate sections of the measur- 
ing head are largely gathered, and by axial displacing of the actuation rod, the at least 
two separate sections of the measuring head will be pressed away from each other, and 
the diameter of the measuring head will expand with up to 4 mm. A greater expansion 
of the diameter of the measuring head than 4 mm may cause fracture in acetabulum. 

25 

The central through-going bore in the axial direction enables passing the actuation rod 
through the connector, up inside and out through the measuring head. The bore in the 
measuring head is designed so that it is preferably conical. 

30 The main part of the actuation rod, the shape of which is conical, will by axial dis- 
placement of the main part of the actuation rod into the preferably conical bore in the 
measuring head cause the three sections of the main part to be pressed away from each 
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other. 

In an alternative embodiment of the through-going bore in the measuring head and/or 
the main part of the actuation rod, it is e.g. possible that: 
5 - the through-going bore in the measuring head is designed as a straight 

bore and the main part of the actuation rod is designed largely conical, or 
ball-shaped, whereby the main part of the actuation rod interacts with a 
rim part of the through-going bore in the measuring head; 
the through-going bore in the measuring head is designed largely conical, 

10 or with curved faces, and the main part of the actuation rod is designed as 

a rod with increased diameter in relation to the actuation rod itself, 
whereby the upper edge section of the main part of the actuation rod in- 
teracts with surfaces of the through-going bore in the measuring head; 
the through-going bore in the measuring head is designed largely coni- 

15 cally or with curved faces, and the main part of the actuation rod is de- 

signed largely conical or spherical, whereby surfaces of the main part of 
the actuation rod interacts with surfaces of the through-going bore in the 
measuring head. 

20 In the two first alternatives, it will be necessary to safeguard the faces of either the 
through- going bore in the measuring head or the main part of the actuation rod, as they 
are to interact with an edge section of the opposing part. By repeated actuation of the 
actuation rod, wear may occur where the edge section hits the opposing surface. A 
safety measure may be surface coating of the exposed surfaces, or by making the 

25 measuring head and the main part of the actuation rod of materials with different 
hardness, so that the item with the edge part is made of the softest material. 

The adapter is designed with a measuring head which is largely hemispherical and 
divided into at least three sections. This division is made in order to achieve a satisfac- 
30 tory contact of the surface of the spherical face against the acetabulum, particularly by 
expansion of the measuring head. 
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These sections are connected to the legs of the connector which are provided by one 
end of the connector being slotted in axial direction. The slotting provides that the 
connector can absorb the forces coming from the ball head when it expands. 

5 In a preferred embodiment of the invention, means of axial displacement of the actua- 
tion rod is a millimetre screw device. Such a millimetre screw device will enable plac- 
ing the measuring head of the adapter in an acetabulum, make it fit and thus, without 
further actuation in axial direction, enable screwing on the millimetre screw device so 
that the actuation rod is displaced axially into the measuring head bore, and thereby 
10 increasing the diameter of the measuring head. 

Such a millimetre screw device includes a spring in connection with an adjustment 
part and a swivel ring with one or more measuring indicators. Furthermore, it may also 
be a ratchet function inside the millimetre screw device. 

15 

In an embodiment of the invention, the millimetre screw device is made so that it may 
"click over" (overload protection) in order to avoid too much expansioning of the 
measuring head, and too strong clamping of the measuring head in the acetabulum, 
which may lead to fracture of the acetabulum. 

20 

The measuring indicators on the measuring ring and on the measuring unit provide 
that by counting turns of the swivel ring and by reading measuring units by means of 
conversion factor, the increase of the diameter of the measuring head may be deter- 
mined. The adjusting part is used every time a new adapter is inserted in the measur- 
25 ing instrument, whereby the measuring instrument is adjusted to neutral position. 

In an alternative embodiment of the invention, the means for axial displacement of the 
actuation rod has been selected among one or more of the following: hydraulics, 
pneumatics and/or electricity driving a motor or a unit that interact with the actuation 
30 rod. 

In order to enable fine adjustment of the diameter of the measuring head in the 



WO 2004/034904 PCT/DK2003/000714 

- 11/8 10 

acetabulum, it may be an advantage that axial displacement of the actuation rod is 
motorised. Besides that it will not be the the doctor's ability of setting the measuring 
instrument which is decisive for the socket size, at the same time problems with hold- 
ing the measuring head in the socket simultaneously with screwing or moving the. 
5 actuation rod manually in axial displacement are avoided. This will make the 
measuring instrument lighter and the measurements more objective in use. 

For measuring the actual displacement of the actuation rod, registration of the relative 
displacement of the actuation rod in relation to the measuring head occurs by reading 
10 one or more measuring indications applied on the handle. 

These measuring indicators are to be applied clearly so that a user of the measuring 
instrument does not confuse the measurements read, which may cause a wrong metal 
socket to be pressed into the acetabulum, whereby problems like bad fixation of the 
15 metal socket or fracture in acetabulum may arise. 

In an embodiment of the invention, the measuring instrument is connected to a com- 
puter for controlling and/or registering the relative displacement of the actuation rod 
relative to the measuring head.. 

20 

In a further embodiment of the invention, the measuring instrument may be used for 
collecting data on a computer connected thereto. This computer may either be coupled 
to the motor/unit and thereby measure the turns that correspond to a certain relative 
displacement, or be coupled to a measuring arrangement which is capable of measur- 
25 ing, e.g. by means of optics, lasers or the like, how long the relative displacement of 
the actuation rod is in relation to a fixed point in the measuring instrument. 

By collecting data so that one may have a large database in the computer, whereby 
more and more experience is collected as to how an acetabulum is shaped concurrently 
30 with more and more data being registered with the measuring instrument. This makes 
it easier and quicker to find the socket fitting optimally with acetabulum. 
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Furthermore, such a system with a computer for controlling and registering will be a 
good tool in teaching inexperienced/new physicians for hip/prosthesis operations as 
experiences from previous operations are stored in the database. This makes it possi- 
ble for the doctors performing hip prosthesis surgery to draw on experi- 
5 ences/infoimation before they commence the operation. 

In order to optimise the hip prosthesis operation, it is important for the doctors to 
measure the pressure to which the acetabulum is subjected at the insertion of the metal 
socket, as the pressure most likely will be different with regard to different groups of 
10 patients. E.g. it may be difficult to achieve sufficient stability of the metal socket in 
patients with osteopsathyrosis. 

The pressure exerted by the metal socket on acetabulum may be measured simultane- 
ously with measuring the diameter of acetabulum with a measuring instrument accord- 
15 ing to this invention. The measuring instrument is provided with a pressure registering 
unit connected to the measuring head, so that simultaneously with registration of the 
increase of the diameter the pressure action of the measuring head on acetabulum is 
measured. 

20 The pressure registration unit may e.g. be pressure transducers that are provided in or 
on the measuring head. They are, however, to be durable and securely fastened as the 
measuring head is forced around in acetabulum in order to ensure selection of the cor- 
rect metal socket. 

25 Alternatively, piezo-electric crystals may be used for pressure registration on the 
measuring head. 

By comparing pressure measurement, diameter of the metal socket and the patient's 
data, the doctors may reduce the problems with loose metal sockets and fracture of 
30 acetabulum implying that the patient is immediately to undergo a new operation or is 
to have a replacement operation earlier than expected. 
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In order to have a flexible system for measuring acetabulum during hip operation, the 
adapter for use in the measuring instrument is replaceably connected with the measur- 
ing unit of the measuring instrument. This provides for the adapter and the measuring 
unit being made of different materials. 

5 

An adapter will typically be made of a more cheap material than the measuring unit, 
whereby it is possible to practice a method where an adapter is used once and then 
discarded. This results in saving of autoclaving of an adapter after use, as well as the 
risk of infection or other unwanted contamination is reduced. 

10 

Furthermore, by using a replaceable adapter it is possible to provide a series of adapt- 
ers with different diameter of the measuring head, where the measuring head diameter 
in neutral position may vary from 45 to 85 mm, preferably between 50 and 70 mm. 

15 It is advantageous to provide an adapter series where the measuring head has different 
diameter, as the measuring instrument may be used for all types of hip operations by 
replacing the adapter. This means that a measuring instrument with adapter with a 
small measuring head may be used for persons by pelvis operations where the acetabu- 
lum does not have so large diameter, whereas an adapter with large diameter is pref- 

20 erably used in pelvis operations where the acetabulum has large diameter. 



A series of adapters with different diameters of the measuring head is provided with 
diameters in steps of about 2 mm measured when the measuring head of the adapter is 
in neutral position and is not influenced by the actuation rod. However, the step size of 
25 the measuring head diameter of the adapter is to be maximum 3 mm if the diameter of 
the adapter measuring head can expand up to 4 mm. 

This implies that the adapter is not to be brought to an extreme position of its measur- 
ing range before it is required/possible to exchange the adapter with an adapter with 
30 greater measuring head diameter. Thereby, for an inexperienced and/or unskilled phy- 
sician there is achieved a rapid and more precise measurement of the diameter of the 
acetabulum. 
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Furthermore, it implies that it is easier to find an adapter that largely fits into the 
acetabulum, after which the actual diameter of the acetabulum is produced by fine 
adjustment of the measuring unit. 

5 

For adapters made of a material by which it is economically advantageous to reuse the 
adapters after autoclaving, it is a further advantage that by repeated use of an adapter 
there is not exerted an unnecessary stress on the legs on the connector of the adapter 
due to large expansions of the measuring head. The adapter may hereby be used more 
10 times and last longer. 

An adapter that fits within about 2 mm when inserted in an acetabulum will facilitate 
the work in measuring the diameter of the acetabulum as the doctor is not simultane- 
ously to hold the measuring head of the adapter in position in the acetabulum so that 
15 the rough surface of the measuring head engages the edge of the acetabulum and to 
screw/turn or displace the actuation rod. 

When the diameter of the metal socket to be inserted in the acetabulum has been 
found, the measuring instrument is designed so that a depth gauge interacts with a 
20 through-going opening in the axial direction of the measuring instrument 

In the preferred embodiment, the depth gauge will be provided through a central 
through-going opening in the axial direction of the measuring instrument so that it 
goes through the measuring unit, out through the actuation rod and out through the 
25 through-going bore of the adapter. This implies that the depth gauge by mounting 
through the measuring unit will project at the point of the ball-shaped measuring head 
of the adapter. 

The depth gauge is used for measuring the depth of acetabulum so that it may be de- 
30 termined how much bone implant (artificial bone mass and/or bone mass taken from 
the patient) which is to be disposed between acetabulum and metal socket in order that 
the metal socket is provided a natural and solid bed in acetabulum. 
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On the depth gauge is indicated a measuring indication so that in neutral position a 
first measuring mark is indicated, after which measuring markings with suitable spac- 
ing are indicated. This spacing between the measuring indications will typically rndi- 
5 • cate one or two millimetre at a time. 

The principles described in the present invention may also find application in connec- 
tion with insertion of uncemented prosthesis components in other human joints, e.g. in 
the marrow cavity of the femur or in the neck of the femur. 

10 

Brief Description of the Drawings 

The invention will then be explained more closely with reference to the accompanying 
drawing, where: 

15 Fig. 1 shows a measuring instrument according to the invention, 
Fig. 2 shows a side view of an adapter according to the invention, 
Fig. 3 shows a cross-section of the measuring head of the adapter, 
Fig. 4 shows a cross-section of the interaction between measuring head and an ac- 
tuation rod, 

20 Fig. 5 shows a plan view of the measuring head, 
Fig. 6 shows the connector of the adapter, 
Fig. 7 shows the depth gauge of the measuring instrument, 
Fig. 8 shows a cross-section of a metal socket inserted in acetabulum, and 
Fig. 9 shows a graph of the relation between the force with which the measuring 

25 head acts on acetabulum and the diameter of the measuring head. 

Detailed Description of the Invention 

In Fig. 1 is shown a measuring instrument 1 including an adapter 2 and a measuring 
unit 3. 



30 



The adapter 2 includes a connector 4 and a measuring head 14 that has a hemispherical 
surface 5. The connector 4 has at least two axially extending slots 6 dividing the end 
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15 of the connector 4 into a number of legs 7. The measuring head 14 includes a hemi- 
spherical surface 5 divided into a number of sections (not shown) so that each part is 
connected with one leg 7 of the connector 4. At the end 16 of the connector 4 are pro- 
vided recesses 9 that are designed to interact with corresponding pins (not shown) 
5 provided in the mounting ring 12 of the measuring unit 2. Inside the measuring unit 14 
is provided an axially through-going conical bore 8 which is designed to interact with 
the actuation rod 10 of the measuring unit 3. 

The measuring unit 3 includes an actuation rod 10, a mounting ring 12 and a millime- 
10 tre screw device 13. The actuation rod 10 has a conical main part 11 which by axial 
displacement and engagement with the conical bore 8 in the measuring head 14 forces 
the separate sections (not shown) of the measuring head 14 from each other. The out- 
ward going force caused by the displacement of the actuation rod 10 in relation to the 
conical opening 8 of the measuring head is absorbed in bending the legs 7 of the con- 
15 nector 4. 

The mounting ring 12 is provided with phis (not shown) which is designed to engage 
the recesses 9 in the end 16 of the adapter 2. 

20 In order to achieve axial displacement of the actuation rod 10 in relation to the conical 
opening 8 of the measuring head 14, the measuring unit 3 is provided as a millimetre 
screw device 13 which by rotation axially displaces the actuation rod 10. Inside the 
millimetre screw device 13 is provided a releasable ratchet device 17 that ensures 
tightening of the millimetre screw device 13. 

25 

Fig. 2 shows the adapter 2 which includes a connector 4 and a measuring head 14 hav- 
ing a hemispherical surface 5. In the connector 4 there is shown axially extending slots 
6 that divide the end 15 of the connector 4 into a number of legs 7. The slot 6 ends in a 
circular opening 19 that prevents notch effect in the connector 4 when the measuring 
30 head 14 expands. 



The measuring head 14 includes a hemispherical surface 5 which is divided into a 
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number of sections 30 each connected with one of the legs 7 of the connector 4. The 
hemispherical surface 5 of the measuring head 14 is divided into two areas with dif- 
ferent roughness: a top part 31 with smooth surface and a bottom part 18 with rough 
surface. 

5 

Fig. 3 shows a cross-section in the measuring head 14. Inside the measuring head 14 is 
provided an axial through-going conical bore 8 which is designed to interact with ac- 
tuation rod (not shown). In order to bear against and produce some resistance against 
acetabulum, the surface 5 of the measuring head 14 is divided into a top part 31 with a 
1 0 smooth surface and a bottom part 1 8 with a rough surface. 

Fig. 4 shows a cross-section of the measuring head 14 by actuation of the actuation 
rod 10, where the conical main part 11 of the actuation rod 10 is engaging the conical 
opening 8 of the measuring head 14. An upwards directed axial displacement of the 
15 actuation rod 10 will result in the sides 32 on the conical main part 11 of the actuation 
rod 10 forcing the sections 30 of the measuring head from each other, and the slot 33 
will be enlarged. 

Fig. 5 shows a plan view of a measuring head 14 as seen from the bottom and up 
20 through the conical opening 8. The three sections 30 of the measuring head are sepa- 
rated by the slots 33. 

Fig. 6 shows the connector 4 of the adapter 2 in which is provided a slot 6 opening 
into a circular opening 19 that divides the connector 4 in the legs 7. Furthermore is 
25 shown a recess 9 at the end 16 of the connector 4 which is designed to interact with 
corresponding pins (not shown) provided in the (not shown) mounting ring of the 
measuring unit. 

Fig. 7 shows the depth gauge 35 of the measuring instrument 1 that together with the 
30 measuring instrument 1, where a through-going opening corresponding with the di- 
ameter 35 of the depth gauge has been provided inside through all the components of 
the measuring instrument 1. The depth gauge preferably includes a long, slender body 
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part 36 terminating in an end part 37, which by use of the depth gauge 35 during use 
of the measuring instrument (not shown) reaches the bottom of the reamed acetabulum 
(not shown). At the opposite end, there is a handle part 38 enabling the doctor to oper- 
ate the depth gauge 35. At the side of the handle 38 there are provided a number of 
5 measuring indications 39 indicating the depth (volume) of the cavity between a metal 
socket (not shown) of a given diameter and acetabulum. 

Fig. 8 shows a metal socket 20 inserted in an acetabulum 21. The metal socket 20 is 
inserted according to the press-fit technique and is oversize compared with acetabulum 
10 21. Therefore, the outwards directed forces 23 will arise, and the metal socket 20 will 
be securely anchored in the acetabulum. Behind the metal socket 20 an interspace 24 
typically appears which is filled with bone mass so that the metal socket 20 is secured 
in a natural and solid bed in acetabulum 21. It is the depth of this interspace 24 which 
is measured with the depth gauge (not shown). 

15 

It is the outwards directed forces 23 that are very necessary in the long run for measur- 
ing in order to optimise hip prosthesis operations. Fig. 9 shows a graph over the out- 
wards directed forces 23 and the diameter of the measuring head 14. The graph 40 
shows the correlation between the force F [Nm] with which the metal sockets acts on 
20 acetabulum, particularly the sides in the inlet hole. 

The example illustrated in Fig. 9 is for a patient having reamed a 64 mm hole in 
acetabulum. By inserting a measuring head of 64 and subsequently expanding the 
measuring head, the force F will be increased until the measuring head has expanded 
25 so much that it causes fracture. The fracture is illustrated by the graph 40 dropping 
drastically when the diameter goes up to 68 mm or more. 

As such a fracture is not only dependent on the size of the inserted measuring 
head/metal socket, but also on tiie bone condition of the patient, it will be a great 
30 advantage if the force F is measured while using the measuring instrument. 



The invention is not limited to the embodiments shown in the Figures and described 
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above. Other embodiments including other kinds of coupling arrangements between 
adapter and measuring head, surface and internal shapes of the measuring head of the 
adapter and methods of driving the actuation rod are conceivable within the frames of 
this invention and the features specified in the claims. 



